Abstract-Previous work has documented that oil price changes have nonlinear effects in the economy and in stock market returns. We show that the nonlinear effects are different depending on whether countries are energy dependent or not. While price soars seem to have a negative effect on the stock markets of oil energy dependent countries, they have a positive effect on the stock markets of oil exporting countries. Stock market returns are negatively affected by oil price volatility in energy dependent countries and positively in oil exporting countries. The asymmetric effects found in oil dependent and oil exporting countries seem to fit into the offset mechanism proposed in the literature where oil price shocks interact both with oil price volatility and the economy. The results are also consistent with the finding that oil exporting countries benefit economically from oil price hikes.
I. INTRODUCTION
Previous literature has found that both oil price hikes and falls are likely to have effects on the economy and stock markets 1 ; yet, they are asymmetric (see 1; 2; 3; 4; 5; 6). Oil price hikes have a negative impact on gross domestic product (GDP), but drops in oil prices do not necessarily have a positive impact on output -non-linear effects. 1 Finance theory asserts that stock market prices should rationally reflect the impact of news. If so, soaring oil prices increase the costs of running a business, dampening margins, profits and cash flows, the key drivers of stock prices. Conversely, when oil prices fall, the inverse effects should be observed and stock returns should increase. The evidence has been, however, that there are nonlinear effects. (7) shows that part of the asymmetric relationship between oil price changes and output growth found in previous studies can be explained by the economic response to oil volatility. (8) finds that either an oil price change or its volatility has an impact on real stock returns. Moreover, positive oil price changes have a greater impact on economic activities and are better able to explain the forecast error variance of real stock returns than are negative price changes.
Some works have examined whether these asymmetric effects pertain to stock market returns such as (1), (2) , (5) and (6) , but they have not focused on whether oil volatility has a role in explaining the asymmetric effects. Oil price volatility is, however, a key element to understand if channels like uncertainty and sectoral reallocations have a bearing in explaining asymmetric effects. (7) asserts that the two necessary conditions for explaining the mechanism that creates the asymmetric effects are that oil price changes, whether positive or negative, positively affect oil volatility, and that oil volatility (uncertainty) negatively affects the economy. Thus, because oil price declines increase oil volatility, leading to negative effects on the economy, they offset the positive effects generated by oil price declines by the normal channels. Globally, oil price declines have no effect on the economy, while oil price hikes affect it negatively and these negative effects reinforce the negative effects created by oil price volatility.
Another important reason is that asymmetry might not exist when we account for oil price volatility, as the turbulence in oil prices causes the marginal effect of any given oil price change to be reduced (see 9; 10).
Our paper departs from the previous literature because we use a large sample of countries distinguishing clearly between oil producing countries and oil dependent countries, because the effects of oil price changes are likely to be different across different countries depending on their production and consumption of oil reserves (11) .
Second, our approach also deals with oil volatility effects on stock markets. (10) and (9) state that turbulence in oil prices causes the marginal effect of any given oil price change to be reduced. Therefore, asymmetry might not exist when accounting for oil volatility. (7) shows that part of the asymmetric relationship between oil price changes and output growth found in previous studies can be explained by the economy's response to oil price volatility. (8) finds that either an oil price change or its volatility has an impact on real stock returns. A major strength of the present paper is that we use several measures of oil price volatility as well as measures of oil asymmetry that take into account oil price volatility.
The structure of this paper is as follows. Section II presents the research design and describes the data. Section III describes the methodology. Section IV presents the estimation results and Section V concludes.
II. RESEARCH DESIGN AND DATA

A. Country Data
Our analysis assumes that stock markets are bellwethers of the economy (12; 13) and as such, the effects of oil price changes are reflected in stock markets. Moreover, we follow the insight of (11), p. 468 that " the effects of oil shocks are likely to vary considerably across different countries depending on their production and consumption of oil reserves". Thus stock markets should respond differently to oil price changes depending on a country's being self-sufficient, or not, in oil.
We need therefore to select a set of countries that are widely dependent on oil and another set of countries that are self-sufficient. Using (14), we select a set of countries that are only oil consumers and have no production of oil. These countries will be labeled the sample of oil dependent countries, i.e., they have no production that satisfies domestic consumption. Next, we need a set of countries with the opposite features. Hence, we look at the group of oil producing countries, but not all countries in this group have enough production to satisfy their needs. This is the case of the U.S., Australia, the U.K. or even Brazil, although this one has been increasing its production. They are large producers but they still need to import oil to satisfy their domestic needs. Since we want two distinct samples, we select only countries that are self-sufficient in oil, i.e., their consumption is inferior to their production.
The final sample is conditional on the availability of stock market data. This is a problem because many important oil producers do not have well developed stock markets, such as the Gulf countries, among others.
The final sample includes 18 countries. Oil dependent countries are: Austria, Belgium, Finland, France, Germany, Greece, Ireland, Japan, the Netherlands, Portugal, Spain, Sweden and Switzerland. Oil exporting countries are Canada, Colombia, Mexico, Norway and Russia. 2 We collect monthly returns for country indices from Datastream, which provides extensive coverage of countries' total market capitalization. Datastream indexes are weighted by market capitalization.
Our sample covers 18 countries from December 1988 through June 2009, for a total of 247 monthly observations. This is an unbalanced panel because data are not available every month for all countries. Returns are expressed in U.S. dollars. The choice of U.S. dollars as the reference currency is justified by the fact that the price of oil is determined in U.S. dollars in international markets. The stock market variables are the logarithmic changes of the local market portfolio excess returns ( ). Returns are in excess of a short-term interest rate, the one-month Eurodollar interest rate as in (15) .
B. Oil Prices
Oil prices are from the settlement price of the NYMEX oil futures contract, the most widely traded futures contract on oil. The underlying asset is the West Texas Intermediate oil, a light crude oil widely used as a current benchmark for U.S. crude production. 3 Prices are in U.S. dollars per barrel (U$/BBL). The variable ( ) is the logarithmic difference of oil prices.
C. Oil Price Volatility
We also analyze the exposure to oil volatility. (7) showed that oil volatility accounted for some of the asymmetric effects in the economy. To do that we define several volatility measures. The first is provided by (16) (ˆℎ ) and consists in the absolute value of the residuals obtained by fitting an autoregressive model to oil futures returns, that is,
where follows a normal distribution with mean zero and variance 2 . The model is estimated by OLS and the regression lag length (L) is determined by the usual significance tests. In our case = 1. The volatility is then the absolute value of the regression residuals,ˆ, which corresponds to an estimate of the conditional variance of oil futures returns.
The second measure also lies in the estimation of an autoregressive model, but we apply a moving average to the squared residuals obtained by fitting the previous model to oil futures returns:
. Instead of considering a single residual in the calculation of volatility, with this method we weight the neighboring residuals. This method of estimation is typically used when the first two conditional moments are evaluated (see 18; 19; 20) .
The third measure is the filtered volatility from 3 In the robustness analysis we use London Brent Crude Oil Prices.
a GARCH(1,1) model (ˆℎ) given by
D. Other Variables
Following (21) and (22), one factor is the world market portfolio. Datastream provides a world market index which is computed by weighting all country index returns. The variable is the logarithm of changes of the world market portfolio index in excess of a short-term interest rate, the one-month Eurodollar interest rate as in (15) . (22) also present theoretical support for the pricing of exchange rate fluctuations in a global setting.
is the logarithmic change in currency rates against the U.S. dollar. As all bilateral rates are expressed in U.S. dollars per unit of the foreign currency, a positive change in the rate means the foreign currency appreciated with respect to U.S. dollars.
III. METHODOLOGY
To test for asymmetric effects of oil price variation, we need to define nonlinear measures of oil price changes. The traditional approach is based on a dummy variable that differentiates positive from negative oil price variations and multiplies the variable oil price changes, which is equivalent to the following variables:
at time , the variable ( ) assumes positive values each time variations are positive (negative) and zero otherwise.
Following former studies, we use the following specification to test for asymmetry.
where the dependent variable is the excess returns of the stock market of country at time ( , ). The independent variables are the world market excess return on a risk-free rate at time ( ); the currency rate variations of country at time ( , ) and and are variables that assume positive and negative variations of oil prices. , the intercept, accounts for possible heterogeneity among countries and is constant over time. This means that the effect of a change in one explanatory variable is the same for all countries and all periods, but the average level for country may be different from that of country . , is the error of country at time and represents the non-systematic excess returns relative to the factors.
To test our hypothesis we define a dummy variable that interacts with and . This dummy variable is one if the country is an exporter of oil and zero otherwise. If oil exporting countries have a different sensitivity to oil price changes we expect the coefficient of the interaction variables to be statistically significant.
To test if oil has asymmetric effects, we define the null hypothesis of symmetry 01 : = . Asymmetry implies the rejection of the null. Notice that the null is not rejected if the two coefficients were not significant, i.e., if oil had no significant effects on stock markets, we could conclude for symmetry. To account for this possibility a second hypothesis is formulated 02 : = 0 and = 0. Asymmetry is therefore confirmed by the rejection of the two null hypotheses: 01 and 02 .
IV. EMPIRICAL RESULTS
In this section, we analyze whether oil has asymmetric effects on the sample of countries by estimating (1) . Second, we analyze whether oil volatility accounts for the oil asymmetric effects by including this variable into the model. Table I shows the estimation results of (1). Coefficients of the variables and are statistically significant. The coefficient of the variable is close to one. Therefore the International-Capital Asset Pricing Model (I-CAPM) cannot be rejected. Second, the variable is statistically significant and has a positive coefficient as in the results of (23) . This means that appreciations of the local currency against the U.S. dollar have a positive effect on stock market returns.
A. Asymmetric effects of oil price changes in stock markets
The results are consistent with a conjecture of nonlinear effects for oil dependent countries. Column (1) uses dummy variables to test responses to positive and negative variations. The coefficient of is negative and is positive, and both variables are statistically significant at standard levels of confidence. The sign of the coefficients suggests that when oil prices soar, stock market returns drop, but when oil prices fall, stock markets do not climb; rather stock returns are again likely to drop. Note also that the magnitude of positive variations is larger than negative ones.
Interaction variables are also statistically significant. The coefficients of for exporting countries is positive (-0.092+0.174=0.082) and for positive too (0.0394+0.104=0.1434), indicating that stock market returns of exporters follow oil price variations, but the coefficient is steeper for oil price falls. Table II shows the results of introducing oil price volatility measures in (1) .
B. Asymmetric Effects and Oil Price Volatility
Oil price volatility has a negative effect on the stock market returns of oil dependent countries.ˆℎ andˆare statistically significant at 5% and present negative coefficients andˆℎ IS statistically significant at 10%. Interestingly, when oil volatility interacts with the export dummy, the sign is reversed and the coefficient becomes positive for countries. Thus, oil price volatility impacts positively the stock market returns of oil exporting countries.
These asymmetric results persist for oil dependent countries as shown in columns (2) and (3), whenˆℎ andˆare in the model. For oil exporting countries, all the variables are statistically significant at standard levels of confidence, meaning that and are different for those countries. 4 V. CONCLUSION We have documented several new facts about the influence of oil price fluctuations in international stock markets by analyzing 18 stock markets over the period 1988-2009. First, oil price changes have nonlinear effects but they are different for oil dependent and oil exporting countries. Oil price hikes have a negative impact on stock markets of oil dependent countries, while for oil exporters the impact is positive. Oil price falls hit negatively stock markets of oil dependent countries but stock market returns of oil exporters plunge even more.
Second, oil price volatility has a negative impact on stock markets of oil dependent countries and positive on oil exporting countries, and the asymmetric effects persist with oil price volatility.
The asymmetric effects found in the stock markets of oil exporting countries can be supported by the offset mechanism proposed by (7), because we find that, first, oil volatility has a positive effect on stock market returns and second, stock market returns follow oil price changes. This means that oil price falls increase oil price volatility, generating a positive effect on returns of stock markets, that offsets the negative effects generated by oil price declines. Overall, oil price declines tend to not affect the stock markets of oil exporting countries.
Moreover, the results are also consistent with the empirical evidence from oil exporting countries that shows that the economy has a positive response to oil price shocks (see 4; 24, for evidence for Norway and for Russia and Canada, respectively).
Understanding the impact of oil price fluctuations has become a prominent issue for investment decisions and consequently risk management. Our analysis makes a contribution to understanding the workings of oil price variations in stock markets. Considerable work remains to be done to validate the theories and mechanisms that explain the nonlinear effects of oil price changes. 
